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PREFACE 


This  report  provides  a  description  of  test  site  environmental  character 
ization  measurements  conducted  at  the  US  Marine  Base  at  Twentynine  Palms, 
California,  in  support  of  an  airborne  synthetic  aperture  radar  experiment 
performed  primarily  by  the  Environmental  Research  Institute  of  Michigan  and 
managed  by  the  US  Army  Engineer  Topographic  Laboratory.  The  data  in  this 
report  were  collected  by  Messrs.  John  0.  Curtis  and  Lee  E.  Tidwell  from  the 
US  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  MS.  Soil 
classification  was  performed  by  the  staff  of  the  Geotechnical  Laboratory  at 
WES,  and  soil  petrography  studies  were  performed  by  Mr.  G.  Sam  Wong  of  the 
Structures  Laboratory  at  WES. 

COL  Larry  B.  Fulton,  EN,  was  Commander  and  Director  of  WES  during  the 
conduct  of  this  study.  Dr.  R  bert  W.  Whalin  was  Technical  Director.  Supervi 
sion  of  this  effort  was  provided  by  Dr.  Victor  E.  LaGarde ,  Chief  of  the  Envi¬ 
ronmental  Systems  Division,  Environmental  Laboratory  (EL),  WES,  and  Dr.  John 
Harrison,  Chief,  EL. 

This  report  should  be  cited  as  follows: 

Curtis,  John  0.,  and  Tidwell,  Lee  E.  1992.  "Twentynine  Palms,  Cali¬ 
fornia,  Test  Site  Characterization,"  Technical  Report  EL-92-14,  US  Army 
Engineer  Waterways  Experiment  Station,  Vicksburg,  MS. 
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TWENTYNINE  PALMS.  CALIFORNIA.  TEST  SITE  CHARACTERIZATION 


INTRODUCTION 

Background 

1.  During  the  second  week  of  October  1990,  the  Environmental  Research 
Institute  of  Michigan  flew  a  multifrequency  synthetic  aperture  radar  (SAR) 
system  over  a  test  site  at  the  US  Marine  base  in  Twentynine  Palms,  California. 
The  purpose  of  these  flights  was  to  examine  the  feasibility  of  using  SAR  to 
detect  shallow-buried  objects  in  dry  desert  environments.  The  US  Army  Engi¬ 
neer  Topographic  Laboratory  had  overall  responsibility  for  managing  the  feasi¬ 
bility  study,  and  the  US  Army  Engineer  Waterways  Experiment  Station  (WES) 
provided  ground- truth  support  as  described  in  this  report. 

2.  Although  previous  experiments  aimed  at  using  SAR  to  detect  small 
(less  than  .5-m  dimensions)  objects  on  idealized  surfaces  have  met  with  mixed 
results  (Tucker  1989a*;  Tucker  1989b**),  it  is  nevertheless  theoretically 
possible,  through  improvements  in  spatial  resolution,  radar  sensitivity,  and 
data  processing  procedures,  to  increase  the  probability  of  detecting  such 
small  objects  on  the  surface  of  natural  terrain.  As  for  detection  of  objects 
buried  in  dry  sandy  soils,  evidence  certainly  exists  for  the  ability  of  long 
wavelength  radar  (25  cm)  to  penetrate  such  soils  and  produce  a  measurable 
reflection  off  subsurface  features  at  depths  of  1  to  3  m  (Farr  et  al.  1986; 
Berlin  et  al.  1986;  Schaber  et  al.  1986). 

3.  Given  that  radar  system  hardware  and  data  processing  software  have 
been  optimized  to  yield  the  most  sensitive  system  for  target  detection,  the 
factors  that  control  the  signal  returned  to  the  radar  receiver  are  geometry 
and  electrical  properties  as  they  apply  to  both  the  objects  of  interest  (or 
targets)  and  the  natural  terrain  that  forms  the  background  of  the  radar  image. 
The  mission  of  WES  during  this  feasibility  study  was  to  measure  surface  geom¬ 
etry  and  electrical  property  factors  for  the  test  site  terrain.  Because  WES 
does  not  currently  have  the  capability  of  measuring  complex  dielectric 


*  Personal  Communication,  29  March  1989,  Tom  James,  Sandia  National 
Laboratories,  Albuquerque,  NM. 

**  Personal  Communication,  September  1990,  Carl  Frost,  Lincoln  Laboratory, 
Lexington,  MA. 
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constants  for  earth  materials  at  the  frequencies  of  interest,  electrical 
property  factors  will  be  reported  through  such  indicators  as  soil  texture, 
soil  moisture  content,  and  a  qualitative  report  of  mineral  content. 


4.  The  organization  of  this  report  is  as  follows.  Part  II  contains  an 
overview  of  test  site  conditions  during  the  conduct  of  the  feasibility  study. 
This  includes  a  general  description  of  the  test  site  supported  by  photographs 
that  show  surface  roughness ,  surface  soil  texture ,  and  the  type  of  vegetation 
present.  A  detailed  ground- truth  map  is  also  presented  that  shows  surface 
anomalies  that  might  influence  the  interpretation  of  SAR  imagery.  Part  III 
includes  a  formal  attempt  to  quantitatively  measure  soil  surface  roughness  at 
a  limited  number  of  points  throughout  the  test  site.  Part  IV  describes  the 
procedure  used  to  collect  representative  soil  samples  within  the  test  area  and 
the  results  of  analyzing  those  samples  to  report  soil  classes,  texture,  and 
mineral  content.  This  report  is  meant  as  a  useful  reference  for  those  who  are 
analyzing  the  SAR  imagery.  Minimal  information  is  provided  in  this  report 
regarding  how  test  site  conditions  might  affect  the  outcome  of  the  SAR 
experiments . 
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PART  II:  TEST  SITE  DESCRIPTION  AND  SURFACE  ANOMALIES 


5.  The  test  site  at  the  Twentynine  Palms,  California,  Marine  Corps  Base 
was  located  in  an  alluvial  plain  having  very  sparse  vegetation.  Soil  within 
the  test  area  was  typical  desert  soil  subject  to  eolian  weathering  and  con¬ 
sisted,  in  general,  of  a  relatively  thin,  weak  upper  horizon  and  somewhat 
cemented  lower  horizons.  As  shown  in  Figures  1  and  2,  the  soil  surface  had 
been  greatly  disturbed  by  tracked  and  nontracked  vehicle  movement,  often 
resulting  in  local  changes  in  elevation  of  20  cm  or  more.  Where  the  surface 
was  relatively  undisturbed,  or  where  weathering  has  had  sufficient  time  to 
overcome  man-made  disturbances,  the  surface  texture  was  one  of  gravelly  sand 
having  stones  of  less  than  2  cm  in  diameter  (see  Figure  3) .  Very  few  surface 
stones  whose  dimensions  were  on  the  order  of  the  SAR  systems'  wavelengths 
(3-20  cm)  were  observed  by  WES  personnel.  Vegetation  within  the  test  area  was 
limited  to  a  few  small  creosote  bushes  (Figure  4) .  The  weather  at  Twentynine 
Palms  was  clear  and  dry  during  the  conduct  of  this  feasibility  study.  No 
information  was  collected  on  prior  weather  history  at  the  test  site. 


Surface  Anomalies 


6.  In  an  effort  to  establish  a  record  of  surface  conditions  during  the 
SAR  overflights  but  without  the  advantage  of  a  helicopter-mounted 
high- resolution  photographic  capability,  WES  conducted  a  visual  inspection  of 
the  test  area  and  produced  the  test  site  ground- truth  map  shown  in  Figure  5. 
The  100-  by  250-m  rectangular  test  site  was  divided  up  into  25-m  squares  with 
imaginary  boundaries.  The  observer  positioned  himself  roughly  at  the  center 
of  each  square  and  sketched  all  of  the  surface  anomalies  that  might  result  in 
significant  returns  to  the  SAR  systems.  These  included  such  things  as  the 
orientation  of  significant  vehicle  tracks,  the  locations  of  creosote  bushes, 
and  the  location  of  metallic  trash  such  as  flattened  smoke  grenade  boxes  and 
expended  shell  casings.  As  indicated  by  the  different  shadings  within  each 
25-tT.  square,  the  observer  attempted  to  quantify  roughness  by  visually  esti¬ 
mating  the  largest  change  in  elevation  between  peaks  and  troughs  of  vehicle 
tracks  or  sand  dune  formations.  The  numbers  1  through  4  at  the  midpoints  of 
each  side  of  the  test  site  will  be  referred  to  in  later  sections  as  indicators 
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Figure  1.  Test  site  surface  showing  vehicular 
disturbances,  southwest  view 


Figure  2.  Test  site  surface  showing  vehicular 
disturbances,  northeast  view 


TRUE  NORTH 


Figure  5.  Twentynine  Palms  test  site  ground  truth 


of  where  soil  pits  were  dug  and  where  surface  roughness  measurements  were 
made . 
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PART  III:  SURFACE  ROUGHNESS  MEASUREMENTS 


Methodology 

7.  Radar  backscatter  prediction  models  require,  as  input,  one  or  more 
parameters  that  character ige  surface  roughness.  Two  such  fundamental  param¬ 
eters  are  the  standard  deviation  of  surface  height  and  the  surface  correlation 
length  (Ulaby,  Moore,  and  Fung  1982).  The  WES  team  used  a  very  crude  method 
for  collecting  data  that  could  be  used  to  generate  these  parameters.  A  1-m 
square  wire  grid  with  a  10-cm  wire  spacing  was  positioned  above  an  arbitrarily 
selected  patch  of  the  test  site  terrain.  A  ruler  was  used  to  measure  the 
distance  from  the  grid  intersections  to  the  terrain  surface  directly  beneath 
each  intersectior .  These  height  measurements  were  recorded  in  a  field  note¬ 
book  and  later  processed  to  calculate  the  desired  surface  roughness 
parameters . 

8.  A  set  of  grid  measurements  was  taken  just  inside  of  the  test  site 
boundaries  near  the  four  numbered  locations  identified  on  the  ground- truth 
map.  The  results  of  these  measurements  are  found  in  Figures  6-9.  Elevation 
measurements  are  all  reported  in  tabular  form  as  though  the  person  conducting 
the  measurements  were  standing  on  the  south  side  of  the  grid,  with  numbers  in 
the  first  row  representing  measurements  made  along  the  north  edge  of  the  grid. 

Analysis 


9.  Several  caveats  regarding  the  surface  roughness  measurements  are  in 
order.  First  of  all,  there  is  the  inherent  assumption  that  a  1-m  square  sam¬ 
ple  of  terrain  elevations  is  representative  of  larger  areas.  This  is  probably 
not  a  bad  assumption  as  far  as  calculating  standard  deviations  is  concerned, 
because  there  are  no  large-scale  elevation  changes  within  the  test  site. 

10.  If  the  standard  deviation  calculations  have  merit,  then  they  may  be 
used  to  test  the  smoothness  criteria  for  the  SAR  systems.  If  the  standard 
deviation  of  elevation  is  called  a  ,  then  Rayleigh's  criterion  for  the 
terrain  to  appear  "smooth"  to  the  radars  is 
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Figure  6.  Site  1  surface  roughnc'ss  measurements 
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Figure  7.  Site  2  surface  roughness  measurements 
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Elevation  Measurements  in  Centimeters 


MAXIMUM  ELEVATION  DIFFERENCE  =  15.9  cm 

STANDARD  DEVIATION  =  3 . 5  cm 

CORRELATION  LENGTH  =  20-30  cm 

Figure  8.  Site  3  surface  roughness  measurements 
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Elevation  Measurements  in  Centimeters 


MAXIMUM  ELEVATION  DIFFERENCE  =  1 1 . 1  cm 

STANDARD  DEVIATION  =  2 . 6  cm 

CORRELATION  LENGTH  =  10-20  cm 


Figure  9.  Site  surface  roughness  measurements 


I A 


where  A  is  the  free -space  wavelength  of  the  radar  and  6  is  the  incidence 
angle  of  the  radar  (with  respect  to  vertical) .  If  one  substitutes  typical 
average  wavelength  values  for  X,  C,  and  L-band  radars  (3,  5,  and  20  cm, 
respectively)  into  these  criteria,  then  a  plot  like  that  shown  in  Figure  10 
can  be  drawn  to  easily  visualize  the  "smoothness"  conditions  for  this  test. 
Comparing  the  average  surface  standard  deviation  of  the  four  data  sets 
(2.2  cm),  it  is  clear  that,  even  for  the  less  restrictive  Rayleigh  criterion, 
only  the  L-band  system  would  see  the  terrain  as  smooth. 

The  more  restrictive  Fraunhofer  criterion  is  (Ulaby,  Moore,  and  Fung  1982) 


Of  < 


X 

32  cos  6 


(2) 


11.  As  for  correlation  lengths,  the  small  sampling  area  and  relatively 
large  sample  spacing  probably  distort  the  calculation.  To  obtain  the  reported 
correlation  lengths,  the  normalized  autocorrelation  function  (or  correlation 
coefficient  function)  was  calculated  for  each  of  the  11  east-west  transects. 

An  average  of  all  the  east-west  transects  was  then  calculated  at  the  grid 
spacing.  The  same  was  done  for  the  north-south  transects.  In  both  direc¬ 
tions,  the  1/e  value  of  the  coefficient  fell  between  the  reported  lag  dis¬ 
tances.  However,  because  each  transect  involved  only  11  data  points,  one  has 
to  believe  that  longer  transects  with  the  same  sample  spacing  would  give  more 
meaningful  results. 
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ROUGH  SURFACE  CRITERIA 

Figure  10.  Twentynine  Palms,  CA,  surface  roughness  versus  wavelength 


PART  IV;  SOIL  CLASSIFICATION  AND  TEXTURE 

Methodology 

12.  Four  soil  pits  were  dug  at  nearly  the  same  locations  where  surface 
roughness  measurements  were  taken  but  just  outside  of  the  test  site  boundaries 
to  eliminate  any  significant  disturbance  of  the  test  site  soil.  The  pits  were 
dug  to  a  depth  of  about  1  m  for  the  purpose  of  identifying  any  differences  in 
the  texture  or  structure  of  the  soil  as  a  function  of  depth.  Pairs  of  soil 
moisture  samples  were  taken  at  regular  intervals  in  each  pit,  and  bag  samples 
were  collected  for  soil  classification  and  mineralogical  analyses.  Classifi¬ 
cation  was  made  using  the  Unified  Soil  Classification  System  (USCS)  described 
on  the  next  page . 


Qualitative  Observations 

13.  In  general,  the  soil  at  the  Twentynine  Palms  test  site  is  a  cypical 
desert  soil,  with  a  weak,  thin  upper  layer,  or  horizon,  and  a  somewhat 
cemented  lower  horizon  (Ritter  1986).  The  cemented  material  often  gave  way  at 
greater  depths  to  a  loose  sand.  At  each  soil  pit  site,  about  the  first  5  cm 
of  soil  could  be  easily  removed  with  a  shovel.  There  was  a  distinct  interface 
between  the  weak  sandy  soil  and  the  cemented  soil  beneath  it.  A  pickaxe  was 
required  to  break  through  the  cemented  material,  which  was  in  a  layer  at  least 
10  cm  thick. 


Soil  Classification 


14.  The  data  contained  in  Appendix  A  summarize  the  results  of  onsite 
measurements  of  the  soil  from  the  soil  pits  and  of  laboratory  studies  of  sam¬ 
ples  returned  to  WES.  For  each  of  the  four  pits  that  were  dug,  a  summary 
figure  is  presented  that  contains  USCS  symbology  for  soil  classification  as 
well  as  wet  and  dry  densities  and  gravimetric  moisture  contents  as  a  function 
of  depth.  Visual  soil  classification  represents  depth -dependent  soil  texture 
deduced  from  laboratory  classifications  of  a  limited  number  of  samples  (not 
all  bag  samples  were  analyzed,  to  minimize  costs)  along  with  field  notebook 
notations  on  changes  in  soil  properties  as  the  pits  were  being  dug.  Density 
and  moisture  content  numbers  are  placed  on  the  charts  at  about  the  depth  at 


17 


sa^)ar  Oirialsaa 

Bl 

Typical  Smoi 

rieU  Ueatlfteatlen  Preaeduros 
(Cbcludlat  partlclea  Laraer  thaa  1  la. 

*a«  baslag  fractien?  ea  oettMted  uel«bte) 

lafoeaetion  doqairod  far 

Otaodblas  doile 

_ L 

b 

5 

6 

S 

e 

o 

• 

S 

3 

sl 

Hi 

o  ■  « 

t5  i 

O  •  M 

k  9 

'•t  S 

SI  . 

a:  : 

s  t 

t  u 

I”" 

dlda  fbage  ia  afbla  elBoe  aad  ebbctaatiai 

lemain  af  aU  iateraadiaU  pariiele  aieeo. 

for  aadietartod  aolla  odd  lafeenaUea 

aa  etraUfleattoa.  dapaa  af  aa^oot*- 

SSC 

33 

Ok.' 

CP 

M  dr«ii^  iBarenarletm 

OlM  typloal  aMB:  ladlaaka  ^prartnata 

1^3  ° 

°li  J- 

Is 

fl  3  "k 

liUl 

io^lMti*  flaea  ar  ftaa«  vlU  Lou  piaaUclty 
(far  iMatlfiaadioa  prseabgae  aao  lO.  belnu). 

r|t: 

o  ~ 

oc 

eum  ^aoia.  ^1^1  ttM  aSdr  ddBtarbd. 

PlaeUc  ftaae  (far  IdaBUncntlaa  pretn^nai 
aae  CL  hetnv). 

aw  aita:  iinilwl»»  amimt  wadl- 

ffpolaei  laoBi  ar  dielBdie  awa  wd 

•tte  paruaadt  deecrtpUba  ibfataa 

tlaa;  aad  U  paetedaaaa. 

tilt*  aaad.  artelln  dbdot  B#  ted, 
— poabl  partlnlno  l/d>ta. 

III 

II 1 

■  s 

^  5 

%■  n 

3  1 

1  i 

ii 

li 

t  i 

a! 

*  i 

Sill 

ilia 

CJ  « 

1 

o 

a 

a 

i 

1 

i;  'j 

ss  Is 
.1'  1 

’ill 

III 

4s  1 

in 

91 

boll.iridii  aMda.  BHidd.  Uitlo  m 

ae  flnea. 

*•1 

53 » 

B 

Marly  yidad  dMda  or  dibially  daaia,  UtAla 
ar  aa  fines. 

s  5  - 

Wi 

■1 

duty  aaadc.  aaad  aUt  adJrbvaa. 

ate  ffblaa,  aaaaa  kd  Ada;  teat  191 
mpiadUa  flte  ulth  Ida  *y  atraadti 
HoU  aenptead  te  nadat  ta  pltei  al¬ 
lteal  ate:  (ai). 

B 

Cleiij  lewda.  aMd  rlei-  ^atarva. 

a 

flaeuo  flaao  ideattfloaUA  pretndireB 

aae  Ct  belnu). 

■ 

On  duendth 

ftlleteacT 
fdeaetlen 
to  *aklet) 

tmubaeeo 

(Caaolatoaqr 

aaor  PU 

•  o 

B 

laonpatc  etlid  aad  o«ry  fine  aantB*  nek 
fldv.  aaiky  dr  »1^n>  fine  naadd  dr 
cSjpiy  BllU  ulUi  dU#d  dlaattrlky. 

•aae  «a  ali#d, 

Med  to  kldu 

- 

P»  telBkteat  aadlh  aid  iteteUan 

OB  atraataro.  aUaUfltelMi  ate 

o 

1 

2. 

a 

tnerdaaie  dJi^  df  Ine  U  mbUbb  piaaUad^, 
draauUr  «Mr*«  Mdr  didp«,  diSdr  didP*. 
IddB  «lap«. 

MpdiBB  Be  ttU^ 

mg 

MPdt« 

ilir*  etahao,  andateb  te  drhlo* 
ddr  oateuaaa. 

r, 

5  3- 

OL 

nrawUe  etlta  dnt  ■rpaid  eUty  «&apo  df  lev 

plAstldlty. 

du^  «• 

m^m 

Slav 

SUddk 

Ciwa  typtaal  ate:  tadlaada  iiifoi  aad 

S  s» 

"  al 

1  =: 

.  ss 

S  iZ 
£  3  b 

m 

laergnblc  elite.  blqnBaeaa  «  diataabeeebe 
fine  eendy  dr  «ilky  aalie.  alaatid  oUte. 

disgbt  ca 
aadine 

dlau  te  eeae 

bUfU*  to 
oedlw 

fa  eat  ooadltlaai  ate.*I^«te  tenJ 

or  •aolanc  ate  te  ater  ptelaaat 

Ol 

taernenic  clar*  af  dl^  plaeUetty,  fat'  ciape 

Ml^  to  utry 
bt^ 

Boro 

lllqh 

la  paraatbaaae. 

CM 

organic  elayo  of  aedlsa  to  kl^  plnettclty. 
omaalc  «llta. 

Mediae  to  bl^ 

Bene  to  •ory 
eiov 

Slight  to 
aediw 

Clayey  ellt.  keaua;  blteUy  piaatlc; 
wall  pereaetapa  af  flea  aaidi 

N 

IdPliy  Organic  Sella 

l*t 

Mot  wd  ether  bl^ly  eelU. 

Beodily  Identinod  by  eolbr,  Oder,  eponey  feel 
wW  frequently  by  fibrous  taxtin^. 

te  dry  la  placai  laaaa;  (W.). 

(1)  Btwtory  tUa«ine«tlow::  r«ils  KwapatlfV.  of  too  or*  4»3lCMto<  by  «^»ln»Uea*  of  <r»9  CW4K,  i^U.griiol  ■■■<  aljrtaro 


mu  otmvicfffJOB  fmcdims  rm  ms-ouDBr  aoiia  <a  raacnoB 

nmm  ^^eotfwoa  v«  to  b«  oorforw^  oo  U»  •Inut  So  W  •(**«  ait*  portieloa,  o^rouaotoiy  l/th  La.  For  floU  c 
acroMUai:  ti  wt  alwsly  foaow  by  ftan4  Urn  eoarao  portielca  ttaat  latOTfbro  vitto  tte  to 


Dllataary  (r«^^laB  to  akoKinc} 

Wtor  ruMnlr^  yarticUa  iar^r  thaa  Bo  bo  at«««  atic,  propara  •  pat  of  aotat 
soli  oito  a  r«ilwa  of  about  o«w.rwUr  cubic  IneP  add  iwranji  oator  if  oocoaaary 
to  aaaa  tha  aotl  aaft  but  not  atichy. 

Place  tba  rot  in  tba  ofon  pala  of  on*  hand  and  ohaba  hor laontaLly.  ttrlklne 
riporoualy  acalnat  tba  eUier  band  ooooral  ttaes  a  petltlao  raactloa  conaiata 
of  tJsa  aoyoarane*  of  water  on  tba  surfaca  of  Use  pat  utilcb  dMa^aa  to  a  llwry 
conalatency  and  bacoaas  aloaay  Vhen  tha  eanple  1:  aquaoted  botuaoa  tha 
fincart,  tha  aatar  and  |loae  dlaappaar  frta  tha  nirfaea,  tba  pat  •Uffena,  and 
flMiLly  It  eraeka  or  craabiaa.  The  rapidity  ef  apfwaranee  of  aater  Arlns 
shaklnp.  and  of  Ita  dlsapaearanc*  durltw.  :.e\.ecstnr!  aaalct  m  tdr«*t<fyine  the 
character  of  tbe  fiaes  m  a  aott. 

Very  fine  clean  aanda  etoa  the  <piickeci  and  aoot  dlatlnct  reaction  iPiereao  a 
nlaatlc  clay  has  no  reociton  tnnrranir  ;\irn  an  ••  typical  roca  ri«r. 

T.fyM  a  aodarately  quick  reaction 


Figure  11.  The  Unified 


Dr/  Stret^tb  (eruihlBa  ebaracterlttle*) 

reaoa1i«  ^rtiCla*  larper  tten  Bo.  kO  alav*  Bite,  aold  a  pat  of  aoll  to  the 
emslatoney  of  putty,  addlrd  water  If  neeakaary  the  pat  to  dry  oMpletely 

oy  Owen,  mm.  w  air-drylx.  **•*  ttrenetk  by  braaklat  and  cruabltac 

tetwean  the  fibBcr:  This  rtrai^  la  a  neaoiire  of  the  charaetor  and  quantity  of 
y»-  coLlcldal  l>ac*.  '.i  contained  m  the  soil  The  dry  -treaqth  Ineraaaaa  wit*. 

increoslns  plaetlc'.ty  _ 

di-y  suevrth  Is  chiract*' I  .*t  Ic  for  elnjrs  of  tin  Ol  srwp.  *  typical  innr. 
\nr’c  elU  poeaesa  :  only  very  allrht  dry  strcnr.th  Silty  fine  aanda  and  sllta 
have  nbout  the  otne  ai^t  dry  •treorth,  but  can  uc  distinifuisbed  by  tha  feei 
vhen  rou^rlta:  Ua  <1--.rd  n»einen  Fine  oand  .Truly  wherena  a  typical  ctU 

naa  tJie  veoth  fevl  fl'Air 


Soil  Classification  System 


18 


which  the  samples  were  collected.  Moisture  contents  within  the  test  site  were 
typically  less  than  1  percent  at  the  surface,  increasing  to  2-3  percent  at 
depths  of  about  50  cm. 

15.  Each  summary  chart  is  followed  by  a  gradation  curve  for  each  of  the 
laboratory  samples  that  were  tested.  These  curves  show  clearly  that  the  soil 
found  at  this  test  site  is  typically  a  mix  of  sands  (mostly  well  graded) ,  with 
less  than  10  percent  fine  gravels,  and  anywhere  from  5-20  percent  silts 
(possibly  some  clays) . 


Soil  Petrography 

16.  Several  soil  samples  were  also  given  to  a  WES  geologist  who  was 
asked  to  conduct  a  cursory  petrographic  examination  of  each  sample.  The 
results  of  his  studies  are  included  in  the  memorandum  in  Appendix  B.  Of  par¬ 
ticular  relevance  to  the  analysis  of  radar  data  for  this  feasibility  study  (as 
those  results  might  compare  to  a  future  test  under  moist  soil  conditions)  is 
the  reference  to  the  possible  existence  of  gypsum  (hydrated  calcium  sulfate) . 
Under  wet  conditions  the  presence  of  gypsum,  a  salt,  could  drastically  affect 
the  electrical  properties  of  the  soil. 
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APPENDIX  A:  SOIL  DATA 
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APPENDIX  B:  SOIL  PETROGRAPHY 


Memorandum  for  Lee  Tidwell,  SD-O  October  31,  1990 

Subject:  Examination  of  Soil  from  29  Palms 


1.  Twelve  samples  of  soil  were  received  for  examination  from  29 
Palms,  The  samples  are  from  four  different  holes  representing 
three  levels  in  each  hole.  The  samples  are  described  below; 


Hole  Number  and  Depth 

#1 

#2 

#3 

#4 

4  cm 

4  cm 

4  cm 

4  cm 

10  cm 

13  cm 

10  cm 

18  cm 

51  cm 

64  cm 

74  cm 

56  cm 

2.  The  sand  size  particles  in  all  samples  were  similar  and 
tended  to  be  subrounded  to  rounded.  The  majority  of  ^he  sample 
consisted  of  quartz  grains,  potassium  feldspars,  and  plagioclase 
feldspars.  Other  mineral  constituents  consisted  of  amphiboles, 
mica,  calcite  and  possibly  some  clay  minerals.  There  were  also 
some  white  crystals  in  some  samples  that  may  be  gypsum. 

3.  Some  of  the  samples  contained  gravel  and  coarse  sand  size 
particles.  These  particles  are  igneous  type  rocks  ranging  from 
granites  to  fine  grain  rhyolites. 

4.  Agglomerates  of  sand  size  particles  were  evident  in  several 
of  the  samples.  These  agglomerates  consisted  of  sand  grains 
cemented  together  with  a  clay  matrix  as  water  was  applied  to 
these  agglomerates,  they  disaggregated  easily. 

5.  Calcite  was  present  in  all  samples  as  discrete  particles  and 
did  not  contribute  to  the  cementing  mechanism  of  the 
agglomerates , 

6.  Individual  description  of  materials  found  in  each  hole  is 
provided  as  follows: 

a.  Hole  #1.  The  near  surface  sample  consisted  of  large 
agglomerates  and  sand  grains.  The  other  two  samples 
from  this  hole  contained  no  agglomerates. 

b.  Hole  #2.  All  samples  in  this  hole  were  similar  with 
only  minor  agglomerates  present.  The  deepest  sample 
contained  no  large  aggregate  particles  while  the  two 
near  surface  contained  a  few  large  aggregate  particles 
but  tended  to  be  mostly  sand  size  particles. 

c.  Hole  #3.  The  near  surface  sample  consisted  mostly  of 
sand  size  particles,  middle  sample  consisted  of  large 
agglomerates,  and  the  deep  sample  consisted  of  gravel 
size  igneous  rock  particles. 

B3 


d. 


Hole  #4.  All  three  samples  were  similar  with  only 
minor  agglomeration  and  mostly  sand  size  particles. 


Conclusion 

7.  The  composition  of  all  samples  were  similar.  Only 
differences  observed  were  the  agglomeration  of  sand  particles  and 
presence  of  gravel  size  particles  that  were  present  in  some 
samples  and  not  in  others.  The  depth  of  various  deposits  such  as 
agglomerates  and  gravel  particles  were  not  consistent  and  tended 
to  be  random. 

8.  When  dry,  the  agglomerates  were  hard  but  when  wet  they 
disaggregated  readily.  Physical  properties  of  the  soil 
containing  agglomerates  is  expected  to  be  drastically  different 
when  wetted. 
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